Introduction {#s1}
============

Hypertension (HTN) is a major risk factor for cardiovascular diseases such as stroke (mostly hemorrhagic), coronary heart disease (acute myocardial infarction), left ventricular hypertrophy, congestive heart failure, and aortic dissection, as well as kidney failure and peripheral vascular disease \[[@R01], [@R02]\]. HTN is defined when the systolic blood pressure (SBP) is greater than 140 mm Hg or the diastolic blood pressure (DBP) is greater than 90 mm Hg \[[@R03]\]. The mortality rate due to cardiovascular diseases progressively increases in a continuous independent linear manner in adults as the blood pressure (BP) increases from 115/75 mm Hg \[[@R03]\].

The aorta, a vessel with dynamic characteristics that maintains a certain pressure coefficient known as the central systolic blood pressure (CSBP), has endocrine, autocrine and paracrine functions, and is capable of undergoing rapid changes in its morphology due to its elasticity. This is mediated by highly complex mechanisms of regulation controlled by hemodynamic factors, local and systemic responses, neurohumoral activation, and changes in vascular reactivity that can be genetically determined and that can eventually lead to changes in the structure and function of the arterial wall, thereby stimulating the development of arterial stiffness \[[@R04], [@R05]\].

Arterial stiffness is a major determinant of increased pulse pressure (PP) and CSBP. Higher cardiovascular morbidity and mortality have been associated with increased CSBP \[[@R06]\], especially in diabetic patients and the elderly, and associated with chronic nephropathy \[[@R07], [@R08]\]. It is estimated that the arteries, especially the aorta and carotid, stiffen from 10% to 15% each decade in men and from 5% to 10% in women \[[@R09], [@R10]\].

Several techniques have been extensively used to measure the increase in arterial stiffness, such as the evaluation of pulse wave velocity (PWV) and estimates of CSBP by non-invasive methods \[[@R11], [@R12]\]. The combined changes of the forward (ejection) and backward waves (peripheral reflection) that alter the pulse wave profile can be recorded non-invasively by applanation tonometry (AT) of the radial artery \[[@R13], [@R14]\].

This method provides information about the functional condition of the arterial bed and allows an analysis of the AIx, which is a calculation of the ratio between the reflected wave and the ejection wave. Hence, increased cardiovascular risk can be predicted early, that is, the AIx functions as a highly reliable marker of cardiovascular risk \[[@R15]\].

Antihypertensive treatment exerts distinct effects on the intrinsic properties of the vascular wall and arterial stiffness markers and hence on the CSBP. Recent publications emphasize the importance of adequate control of CSBP compared to peripheral BP \[[@R18]\], and these authors suggest that the CSBP is an independent risk factor for the development of brain and cardiovascular diseases \[[@R19]\].

The objective of this study was to evaluate the effect of treatment using low doses of thiazide diuretic chlorthalidone plus amiloride or angiotensin II receptor blockers on the CSBP and arterial stiffness in patients with stage 1 hypertension (HTN-1).

Patients and Methods {#s2}
====================

Patients {#s2a}
--------

The project was approved by the Research Ethics Committee of Hospital de Base of the Medical School in Sao Jose do Rio Preto (FAMERP) (\#2205/2009). The nature of the study was carefully explained to patients and all individuals, after they agreed to participate in the study, signed informed consent forms and filled out a standard questionnaire. Fifty patients with HTN-1 of both genders (25 males and 25 females), aged between 40 and 70 years with medical diagnosis of arterial, were included in this randomized study. The study inclusion criteria were to keep regular scheduled medical appointments, and to be able to understand, verbalize and answer questions.

Patients with secondary hypertension, known cardiovascular diseases such as previous infarction, stroke, heart failure, or clinical manifestations including current or previous angina and poor circulation of the legs, or any chronic illness that limited their participation or life expectancy (e.g. cancer, disabling rheumatic disease) were excluded from the study. Moreover, patients taking long-term analgesic or anti-inflammatory drugs (≥ 30 days), women who were pregnant or would possibly become pregnant during the study and patients who had participated in other studies within the previous 6 months were excluded.

All participants underwent physical examinations and investigations of cardiovascular disease in their family history. Initially data on age, gender, weight, and height, an electrocardiogram and results of biochemical blood tests were collected.

Oscillometric BP was taken using a Microlife device (3AC1-1 Widnau, Switzerland) as validated by the European Society of Hypertension using a cuff with an adequate arm circumference size and a width/length ration of 1:2. The average of three measurements was calculated for the SBP and DBP.

The CSBP and AIx were evaluated by a non-invasive technique, AT, using an Omrom HEM-9000AI tonometer (Omron Healthcare, Kyoto, Japan) and the AIx of the radial artery was calculated.

When the status of the patient was defined as HTN-1, the individual received guidance on necessary changes in lifestyle \[[@R20]\]. If there was no change in their BP by the end of 3 months, the patient was prescribed a single formulation of chlorthalidone 25 mg with amiloride 5 mg (q.d.), or losartan 50 mg (b.i.d.) for 6 months. At the end of 6 months of treatment, the CSBP and the AIx of the radial artery were again measured ([Fig. 1](#F1){ref-type="fig"}).

![Research design. CSBP: central systolic blood pressure; AIx 75: augmentation index 75 beats/min.](cr-07-196-g001){#F1}

AT {#s2b}
--

AT analyzes the CBP and BP simultaneously. Initially BP stability is confirmed by checking that the difference between two readings does not exceed 10 mm Hg. Subsequently, the left forearm is placed on the support of the equipment, the tonometer sensor is placed on the radial artery and the AIx is calculated three times from BP measurements taken at 3-min intervals. The standard deviation of the three readings must not exceed 10% for the measurement to be considered valid. An AIx of less than 100% is considered normal. The more elastic the artery, the lower the percentage values of AIx \[[@R14], [@R21]\].

Lipid and biochemical profiles {#s2c}
------------------------------

Peripheral blood was collected from all participants to analyze the lipid and biochemical profiles. Serum triglycerides (TG), total cholesterol (TC) and the high-density lipoprotein cholesterol fraction (HDL-c) were determined by standard enzymatic colorimetric methods \[[@R22]\]. The low-density cholesterol fraction (LDL-c) was calculated using the Friedewald formula \[[@R25]\] such that LDL-c (mg/dL) = TC (HDL-C + TG/5), except for TG values above 400 mg/dL when the LDL-c concentration was not calculated.

Serum levels of glucose, microalbuminuria, glycated hemoglobin, serum potassium, and uric acid were also measured and the renal function was assessed by the blood creatinine level and the estimated glomerular filtration rate (eGFR) \[[@R26]\].

Statistical analysis {#s2d}
--------------------

Quantitative variables were expressed as mean ± standard deviation. The analysis of paired *t*-test was used to compare the CSBP in HTN-1 patients at 0 and 6 months, and Chi-square test to compare proportions for qualitative variables. All statistical analyses were performed using the Sigmastat Statistical Software and Graph-Pad InStat version 5.0. The sample size was estimated based on an 80% power and the level of significance was set for P \< 0.05.

Results {#s3}
=======

The mean age of the chlortalidone/amiloride group was 54.6 ± 7.1 years, and the mean age of the losartan group was 54.4 ± 7.9 years. [Table 1](#T1){ref-type="table"} shows the demographic and anthropometric characteristics of the studied groups.

###### Demographic and Anthropometric Characteristics of the HTN-1 Patients

                  Chlortalidone/amiloride   Losartan
  --------------- ------------------------- -------------
  Age (years)     54.6 ± 7.1                54.4 ± 7.9
  Gender: F/M     11/14                     16/9
  Height (m)      1.64 ± 0.1                1.63 ± 0.1
  Weight (kg)     80.0 ± 18.1               80.0 ± 18.3
  BMI (kg/m^2^)   29.5 ± 5.9                29.6 ± 4.8
  N               25                        25

Values are expressed as mean ± SD. \*P \< 0.05. Chlortalidone 25 mg/amiloride 5 mg (q.d.). Losartan 50 mg (b.i.d.). HTN-1: stage 1 hypertension; BMI: body mass index.

The mean baseline SBP and DBP were 143.4 ± 3.0 and 93.4 ± 2.8 mm Hg, respectively in the chlortalidone/amiloride group. The mean baseline SBP and DBP were 143.3 ± 4.5 and 93.2 ± 2.9 mm Hg, respectively in the losartan group. Variables including SBP, DBP, mean arterial pressure (MAP) and pulse pressure (PP) are listed in [Table 2](#T2){ref-type="table"}.

###### Characteristics of Hemodynamic HTN-1 Patients Before and After 6 Months of Treatment With Chlortalidone 25 mg/Amiloride 5 mg (q.d.) or Losartan 50 mg (b.i.d.)

                Chlortalidone/amiloride   Losartan                                               
  ------------- ------------------------- ------------- ----------- ------------- -------------- -----------
  SBP (mm Hg)   143.4 ± 3.0               127.0 ± 7.3   \< 0.0001   143.3 ± 4.5   127.3 ± 10.7   \< 0.0001
  DBP (mm Hg)   93.4 ± 2.8                83.04 ± 5.1   \< 0.0001   93.2 ± 2.9    81.0 ± 7.1     \< 0.0001
  MAP (mm Hg)   110.2 ± 2.4               97.8 ± 4.6    \< 0.0001   109.9 ± 2.1   96.5 ± 7.6     \< 0.0001
  PP (mm Hg)    50.0 ± 3.5                43.9 ± 7.9    0.0007      50.4 ± 6.0    46.3 ± 7.8     0.0584
  HR (bpm)      77.1 ± 12.8               77.3 ± 13.3   NS          71.8 ± 11.0   73.6 ± 9.4     NS
  N             25                        25                                                     

Values are expressed as mean ± SD. HTN-1: stage 1 hypertension; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; PP: pulse pressure; HR: heart rate.

The results of biochemical tests are listed in [Table 3](#T3){ref-type="table"}.

###### Biochemical Values of HTN-1 Patients

                                Chlortalidone/amiloride   Losartan
  ----------------------------- ------------------------- ----------------
  Glycemia (mg/dL)              132.9 ± 93.85             97.0 ± 33.8\*
  Glycated hemoglobin (mg/dL)   7.02 ± 2.37               5.7 ± 1.0\*
  Total cholesterol (mg/dL)     206.9 ± 44.61             217.1 ± 33.6
  LDL-cholesterol (mg/dL)       119.7 ± 34.92             127.0 ± 34.5
  HDL-cholesterol (mg/dL)       51.47 ± 15.37             49.6 ± 14.0
  Triglycerides (mg/dL)         178.0 ± 88.69             201.6 ± 93.5\*
  Creatinine (mg/dL)            0.95 ± 0.22               1.12 ± 0.9
  eGFR (MDRD)                   81.67 ± 16.69             78.3 ± 28.1
  Microalbuminuria (mg/24 h)    14.67 ± 11.60             10.4 ± 8.6
  Potassium (mEq/L)             4.04 ± 0.49               4.3 ± 0.29
  Uric acid (mg/dL)             6.08 ± 2.14               5.9 ± 1.3
  N                             25                        25

Values are expressed as mean ± SD. \*P \< 0.05. Chlortalidone 25 mg/amiloride 5 mg (q.d.). Losartan 50 mg (b.i.d.). HTN-1: stage 1 hypertension; LDL-c: low-density lipoprotein fraction; HDLc: high-density lipoprotein fraction; GFR-e: estimated glomerular filtration rate.

The values of CSBP and AIx adjusted for a heart rate 75 beats/min (AIx 75) were compared at baseline and at 6 months of active treatment as shown in [Table 4](#T4){ref-type="table"} and in [Figure 2](#F2){ref-type="fig"}.

###### Chlortalidone 25 mg/Amiloride 5 mg (q.d.) or Losartan 50 mg (b.i.d.), Central Systolic Blood Pressure, and AIx 75 of HTN-1 Group

                 Chlortalidone/amiloride   Losartan                                  
  -------------- ------------------------- ---------- --------------- ------- ------ ---------------
  Baseline                                                                           
    CBP, mm Hg   123.3                     14.2       117.4 - 129.1   120.5   16.7   113.6 - 127.4
    AIx 75       87.7                      9.6        83.7 - 91.6     91.2    8.7    87.7 - 94.9
  6 months                                                                           
    CBP, mm Hg   113.4\*                   11.4       108.9 - 118.2   118.4   10.6   114.1 - 122.8
    AIx 75       83.8^\#^                  8.9        80.1 - 87.4     87.6    6.8    84.8 - 90.4

CSBP: central systolic blood pressure; AIx 75: augmentation index corrected for average heart rate of 75 bpm; HTN-1: stage 1 hypertension. Values are expressed as mean ± SD, Standard deviation; 95% CI: 95% confidence interval. \*P = 0.0103. ^\#^P = 0.0289.

![Central systolic blood pressure and augmentation index at before and after treatment with chlortalidone 25 mg plus amiloride 5 mg (q.d.) in the HTN-1 group. CSBP: central systolic blood pressure; AIx 75: augmentation index corrected for average heart rate of 75 beats/min; HTN-1: stage 1 hypertension.](cr-07-196-g002){#F2}

There were statistically significant reductions in the CSBP and AIx 75 in HTN-1 patients, when comparing the baseline with 6 months of treatment using chlorthalidone 25 mg added to amiloride 5 mg (q.d.), CSBP (123.3 ± 14.2 vs. 113.4 ± 11.4 mm Hg, P = 0.0103) and AIx 75 (87.7 ± 9.6 vs. 83.8 ± 8.9, P = 0.0289). However, no significant change was observed in the CSBP and AIx 75 after 6 months of treatment with losartan 50 mg (b.i.d.) ([Fig. 3](#F3){ref-type="fig"}).

![Central systolic blood pressure and augmentation index at baseline and after treatment with losartan 50 mg (b.i.d.) in the HTN-1 patients. CSBP: central systolic blood pressure; AIx 75: augmentation index corrected for average heart rate of 75 beats/min; HTN-1: stage 1 hypertension.](cr-07-196-g003){#F3}

Discussion {#s4}
==========

The main results of this study show significant reductions in the AIx 75 and CSBP of patients with HTN-1 after 6 months of pharmacological treatment using chlorthalidone 25 mg added to amiloride 5 mg (q.d.) in contrast to losartan 50 mg (b.i.d.) when no significant improvement was observed in respect to CSBP and AIx 75.

Some hypotheses can be suggested. Chlorthalidone has shown additional benefits beyond the reduction in BP when administered as monotherapy to patients with hypertension. These benefits include a reduction in oxidative stress, improved endothelial function, decreased vascular permeability and platelet aggregation, as well as stimulating angiogenesis which plays a key role in the restoration of arterial stiffness and vascular remodeling, components that are significantly involved in the genesis of elevated central pressure.

In contrast, some studies suggest that diuretics have no beneficial effect on central hemodynamics. This includes thiazide diuretics, which have been shown to have a neutral effect on reducing the central blood pressure and a neutral effect on the amplification of the PP. Consistent data are available for bendrofluazide and indapamide that also have a neutral effect on the AIx and PWV, respectively. However, although chlorthalidone has better antihypertensive efficacy than hydrochlorothiazide and preferably should be indicated for the treatment of hypertension, the literature is scarce in studies assessing this diuretic with respect to arterial stiffness and central pressure. Our results in HTN-1 patients contradict these claims.

It is known that aortic stiffness in the proximal segment is a consequence of greater backflow and that it occurs as part of aging process after the age of 60. While, the stiffening of the aorta as a whole and of the great arteries such as the carotid and iliac arteries is related to an early wave reflection that promotes structural and functional changes of the vascular wall in these segments.

Therefore, the large arteries differ from medium and small caliber arteries in relation to histology, physiology and elastic properties, which is why the definition of the anatomical target for the action of a drug is extremely important. Evidence in relation to pharmacological treatment suggests that it is easier to revert changes to small caliber arteries (muscle) than to large arteries (elastic). Thus, results obtained in an arterial segment cannot be extrapolated to other segments in the same artery tree. This is because pressure wave components (backflow and reflection) change with age, gender and the presence of risk factors such as diabetes, smoking, dyslipidemia and others.

The angiotensin II receptor blocker, losartan, in comparison to the beta-blocker, atenolol, showed greater efficacy in reducing cardiovascular events and lesions to target organs in the LIFE study despite of similar reductions in brachial blood pressure. The results of some randomized clinical trials such as the one by Klingbeil et al confirmed significant reductions in AIx with valsartan as monotherapy compared with a thiazide diuretic or placebo. When valsartan was compared to captopril both reduced the AIx and PWV similarly \[[@R27]\].

Dakhan et al compared the effects of atenolol versus eprosartan (BRA) on central and peripheral hemodynamics in a double-blind randomized crossover trial. The results indicated that for the same reduction in brachial pressure, there was a greater reduction in the central pressure and reduction in wave reflection \[[@R28]\].

The EXPLOR trial that compared the association of valsartan and amlodipine with amlodipine and atenolol showed similar reductions in brachial artery pressure with both combination therapies. The PWV and AIx showed significantly higher decreases in the valsartan/amlodipine group than in the amlodipine/atenolol group, and thus this association had a better effect on the central hemodynamics \[[@R29]\].

The results of the Conduit Artery Function Evaluation (CAFE) trial \[[@R18]\] corroborate the findings of this study. The authors of that study showed that the group that took a thiazide diuretic with atenolol had a lower reduction in CBP than the group treated with angiotensin converting enzyme inhibitors. This important clinical finding is the basis of current guidelines for the treatment of hypertension and reduction of cardiovascular risk. There were reductions in SBP, DBP and MAP with treatment, which impeded amplification of the central pressure wave and reduced the CBP.

Shimizu et al highlight the importance of using the mean BP as an adjunct measure of antihypertensive therapy. The authors showed an association between the reduction in CBP and decreased urinary albumin excretion (a marker of endothelial dysfunction) and left ventricular mass index (target organ damage) in hypertensive patients treated with antihypertensive drugs \[[@R30]\].

The relevance and potential of this method lies in the importance of the difference found between the CSBP and peripheral brachial BP in all age groups as demonstrated by McEniery et al in the Anglo-Cardiff Collaborative Trial II \[[@R21]\]. Additionally, the influence of antihypertensive therapy on the behavior of CSBP of HTN-1 patients cannot be excluded. However, new perspectives of structural and functional hemodynamics are needed to confirm the findings presented.

Our results reinforce the importance of early pharmacological interventions in HTN-1 patients because besides reducing peripheral BP, low doses of chlorthalidone added to amiloride had a beneficial effect within 6 months of therapy.

Conclusion {#s4a}
----------

From the sixth month, treatment with chlorthalidone 25 mg added to amiloride 5 mg (q.d.), but not losartan 50 mg (b.i.d.), reduces the CSBP and the AIx in adults with HTN-1.
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